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INTRODUCTION
The fungi inhabiting the special spore-carrying sacs or mycangia of bark beetles are thought to provide important nutrition for developing beetle larvae and young adults (Paine et al., 1997) , but there has been considerable confusion about the taxonomy of these fungi. Whitney and Cobb (1972) isolated an unidentified hyphomycete from the prothoracic mycangium of female western pine beetle (Dendroctonus brevicomis LeConte, WPB) and noted that some cultures of this hyphomycete resembled the asexual stage of Ophiostoma nigrocarpum Davidson. Owen et al. (1987) and Paine and Birch (1983) concluded that the hyphomycete was the anamorph of Ophiostoma nigrocarpum. Similarly, the anamorph of 0. nigrocarpum was confused by Bridges and Perry (1987) with the hyphomycete found in the prothoracic mycangium of the southern pine beetle (D. frontalis Zim-mermann, SPB). Pairing of cultures of the hyphomycete from the SPB resulted in development of perithecia, asci and ascospores of Ceratocystiopsis ranaculosus Perry and Bridges (Harrington and Zambino, 1990) .
We isolated fungi from WPB collected in Northern and Southern California in 1990 and 1991. From those isolations it was found that 0. nigrocarpum was not associated with the mycangium, but a new species of Ceratocystiopsis and an unidentified basidiomycete were isolated from female beetles and surface-sterilized prothoraxes of female adults. We compared the new species with the morphologically similar C. ranaculosus and C. collifera. Mating studies and isozyme analysis were used to further characterize these species.
MATERIALS AND METHODS
Sixteen isolates of the new species were obtained from D. brevicomis collected from either the Central Sierra Nevada (isolates C420, C421, C422, C423, C429, C432, C434, C436, C437, C438 and C439) or Santa Barbara, California (C440, C441, C442, C443 and C444). The beetles were reared from bolts of naturally infested ponderosa pine. Adult beetles emerging from the bolts were sexed and either dissected or ground with glass tissue grinders. Prothoraxes (which contain the mycangium) of female WPB were surfaced-sterilized in modified White's solution (1 g HgCl2, 6.5 g NaCl, 1.25 mL HCl, and 250 mL 95% ethanol per L, Barras, 1972) for 1 or 2 min and rinsed twice with sterile water. The prothorax was then torn into 4 pieces and plated in 1% malt extract agar (MEA; 1% malt extract and 1.5% agar) for fungal isolation. Whole WPB females or males were ground in batches of 10 in glass grinders with 2 mL of water, and serial dilutions were plated on CSMA (1% malt extract and 1.5% agar with 200 ppm cycloheximide and 100 ppm streptomycin sulfate, Harrington, 1992) and incubated at room temperature.
The collection information for the C. ranaculosus isolates studied can be found in Harrington and Zambino (1990) . One isolate of C. collifera (C710, CBS 126.89) from Mexico and two isolates of C. minuta ( C112, RWD 527 and C332 collected by T. Perry from Louisiana) were also included in the isozyme analysis. Five isolates each of C. ranaculosus and of the new species were used to determine the optimal growth temperature. Two-wk-old cultures from each isolate were excised with a cork borer (5 mm, size #1) from the colony margin on 2% MEA (2% malt extract and 1.5% agar). The mycelial plugs were transferred to the center of three 90-mm-diam, 2% MEA plates, and the plates were incubated upside down in closed plastic bags in growth chambers. Daily growth was measured at incubation temperatures ranging from 10 to 35 C at 5 C intervals.
Mating tests, modified from Harrington and Zambino (1990), were conducted on pine twig medium (2% malt extract, 2% agar, and an autoclaved piece of longitudinally split section of Pinus strobus twig, with bark attached; Harrington, 1992) in 50-mmdiam Petri dishes. Plugs from 2-wk-old cultures on 2% MEA were excised with a cork borer (size #1) and placed adjacent to each other. Plates were incubated at room temperature in a container, using damp paper towels to maintain high humidity, for 4 to 6 wk and examined for perithecia and ascospores. Isozyme analyses were as described in Zambino and Harrington (1989) . Fresh mycelium was vacuumfiltered to remove excess medium, and the mat of mycelium was ground to a fine powder in liquid nitrogen. Enzyme extracts were absorbed on paper wicks and stored at -80 C. Electrophoresis was conducted on 10% starch gels following the methods of Marty et al. (1984 Rohlf, 1993) . A neighbor-joining tree was generated in Phylip 3.5 (Felsenstein, 1993) .
RESULTS
A new species of Ceratocystiopsis was isolated from whole ground female adults and prothoraxes of female western pine beetle. The new species was distinguished from C. ranaculosus and C. collifera by morphology and isozyme data. Morphological characters of C. brevicomi, C. ranaculosus and C. collifera are given in TABLE II, in which we list the anamorph characters of Ceratocystis minor var. barrasii as given by Barras and Taylor (1973) , the teleomorph characters of Ceratocystiopsis ranaculosus as given by Bridges and Perry (1987) , and the characters of C. collifera as given by Marmolejo and Butin (1990) . We were unable to locate the type specimen for C. collifera, and only one culture is available, which does not produce perithecia. We determined the anamorph and teleomorph characters of C. brev- The results from pairings among C. brevicomi isolates showed that it is heterothallic with two mating types (TABLE III) , as has been noted for C. ranaculosus (Harrington and Zambino, 1990) . Of the 16 isolates of C. brevicomi examined, eight were of mating type 1 (MAT-1) and eight of mating type 2 (MAT-2). Of the pairings between isolates of opposite mating type, 80% produced perithecia and numerous ascospores. Twelve progeny from the cross between isolates C436 and C423 were recovered from a single perithecium; five MAT-1 and seven MAT-2 isolates were identified by pairing with each other and with the parent isolates.
Of the pairings between isolates of C. ranaculosus and C. brevicomi of opposite mating type, 67% produced perithecia but relatively few ascospores (TABLE  IV) Isozyme analysis further separated C. brevicomi from C. ranaculosus. Fifteen loci, coding for twelve enzymes, were scored for 16 isolates of C. brevicomi, 16 isolates of C. ranaculosus, one isolate of C. collifera and two isolates of C. minuta (TABLE V) . A neighborjoining tree was generated based on modified Rogers' genetic distance matrix (FIG. 11) . The 16 isolates of C. ranaculosus clustered with the single isolate of C. collifera, whereas the 16 isolates of C. brevicomi clustered on another branch. The alleles of two loci (G6PD and SDH2) of the C. collifera isolate were distinct from those of C. ranaculosus, but they were shared by some of the C. brevicomi isolates. Morphological criteria did not differentiate C. ranaculosus from C. collifera, and the isozyme analyses also showed a high degree of similarity between these two species. Ceratocystiopsis minuta, the type species of Ceratocystiopsis, was used as an outgroup to root the tree. The two isolates of C. minuta analyzed had very different isozyme phenotypes, indicating that one of the isolates was misidentified.
Fungal isolations from surface-sterilized, female WPB prothoraxes plated on 1% MEA are reported in TABLE VI. Apparently, surface sterilization killed the majority of superficial propagules on the prothorax and many of the propagules in the mycangium, especially with the two min surface-sterilization treatment. Fungi were isolated from 30-65% of WPB female prothoraxes sterilized for two min, but fungi were isolated from 85% of the female prothoraxes after sterilization for one min. Ceratocystiopsis brevicomi, an unidentified basidiomycete, Ophiostoma nigrocarpum, 0. minus, yeasts (including Candida species), and various molds or bacteria were isolated from the prothoraxes, but C. brevicomi and the unidentified basidiomycete may have been the only mycangial inhabitants. Ceratocystiopsis brevicomi was only isolated from ground females, whereas, 0. nigrocarpum, 0. minus, and Leptographium terebrantis were isolated from both female and male beetles (TABLE  VII) . However, the number of beetles sampled was small, and 50 colony forming units was the minimum that could be detected by this technique. Thus, the quantifications are crude.
DISCUSSION
Ceratocystiopsis brevicomi can be distinguished from its close relatives, C. ranaculosus and C. collifera, by its larger perithecia and longer ascospores. In addition, C. ranaculosus has a faster growth rate than C. brevicomi. Apparently, hybrid perithecia form when C. ranaculosus and C. brevicomi strains of opposite mating type are paired, but such perithecia produce few ascospores. Isozyme data also support the separation of C. brevicomi from C. ranaculosus and C. collifera. Although there was variation in isozyme electromorphs within C. brevicomi and C. ranaculosus, we were able to identify and delimit the species using neighbor-joining and two-dimensional principal component analysis (data not shown).
The only available isolate of C. collifera shared isozyme alleles with C. ranaculosus at 13 of 15 loci. Also, the size ranges of the perithecia and ascospores of C. ranaculosus and C. collifera overlap. In the original description, Marmolejo and Butin (1990) gus with the earlier described C. ranaculosus. We suspect that C. collifera and C. ranaculosus are the same species or very closely related. Pairings of isolates showed that C. brevicomi and C. ranaculosus are heterothallic, which may also be the case for C. collifera. A pairing between C. collifera (C710) and C. brevicomi (C436) resulted in perithecium production but no ascospores. Pairings between C. brevicomi and C. ranaculosus also resulted in the production of few perithecia and ascospores in many cases. No perithecia resulted in the few pairings of C. collifera with C. ranaculosus.
Many fungi were isolated from surface-sterilized prothoraxes of female WPB, but the high frequency of isolation of C. brevicomi relative to that of 0. nigrocarpum suggests that C. brevicomi is the more likely mycangial inhabitant. Moreover, the mycangium of WPB is only found in female adults, and C. brevicomi could only be isolated from female beetles. In contrast, 0. nigrocarpum and other fungi tolerant of cycloheximide were isolated from both female and male beetles. Whitney and Cobb (1972) Based on morphological characteristics, mating studies and isozyme analysis, we conclude that C. brevicomi is a mycangial fungus of the western pine beetle and is a close relative of C. ranaculosus and C. collifera. In the absence of perithecia, it can be distinguished from 0. nigrocarpum by its conidiophores and conidia. Although Ceratocystiopsis is closely related to Ophiostoma (Harrington, 1993b; Hausner et al., 1993), we recognize these genera as distinct and place our new species within the genus with elongated ascospores, Ceratocystiopsis.
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